Mate choice can lead to the evolution of sexual ornamentation. This idea rests on the assumption that individuals with more elaborate ornaments than competitors have higher reproductive success due to gaining greater control over mating decisions and resources provided by partners. Nevertheless, how the resources and quality of sexual partners that individuals gain access to are influenced by the ornamentation of rival individuals remains unclear. By experimentally concealing and subsequently revealing female ornaments to males, we confirm in the fowl, Gallus gallus, that female ornamentation influences male mating decisions. We further show, by manipulating the relative ornament size of females, that when females had larger ornaments than competitors they were more often preferred by males and obtained more sperm, especially from higher quality males, as measured by social status. Males may benefit by investing more sperm in females with larger ornaments as they were in better condition and produced heavier eggs. Female ornament size also decreased during incubation, providing a cue for males to avoid sexually unreceptive females. This study reveals how inter-sexual selection can lead to the evolution of female ornaments and highlights how the reproductive benefits gained from mate choice and bearing ornaments can be dependent upon social context.
INTRODUCTION
The disparity in the amount males and females invest per offspring is thought to account for why females typically display greater discrimination when choosing sexual partners than males (Trivers 1972) , a topic which has attracted great interest over many years (Darwin 1871; Fisher 1958; Andersson 1994) . More recently, it has been recognized that males may also exert choice over females when search costs for females are low, where females vary in reproductive quality and when males suffer mating and parental costs (Burley 1977; Parker 1983; Johnstone et al. 1996; Kokko & Monaghan 2001) . Studies on male mate choice have found preferences for traits that reflect female fecundity such as body size and body mass (Verrell 1985; Bonduriansky 2001; Byrne & Rice 2006) . Under such circumstances, female traits that determine fecundity may evolve via two distinct selection mechanisms: selection for increased fecundity and/or selection for attracting males (inter-sexual selection). Since both selection pressures exert positive directional selection on female traits, it is difficult to establish how important male mate choice is in shaping the evolution of female reproductive traits. The imprint of male mate choice on the evolution of female traits is much more easily determined when examining female ornamental traits, which exist in numerous species ( Jones & Hunter 1993; Amundsen 2000b; Amundsen & Forsgren 2001; Lebas et al. 2003) . Ornaments are costly to maintain and detract from female investment in fecundity (Chenoweth et al. 2006 ) and therefore ornamental traits are not likely to be under positive directional fecundity selection.
Theoretically, female ornaments are expected to evolve via male mate choice when their influence on male mating decisions and male-controlled resources raises their reproductive success beyond that obtainable from directly investing in offspring (Fitzpatrick et al. 1995) . Empirical work across a range of taxa has demonstrated male preferences for female ornaments ( Jones & Hunter 1993; Amundsen 2000b; Amundsen & Forsgren 2001; Domb & Pagel 2001) . However, since it is often difficult to measure male mating preferences directly, surrogate measures of choice are used, such as time associated with females or copulation display rate, which may not necessarily reflect a male's decision to invest in a female (Amundsen 2000b) . Ornaments are also often condition dependent and underpinned by traits such as body mass and size ( Johnsen et al. 1996; Amundsen et al. 1997; Kotiaho 2000) ; therefore, experimental manipulations are important to identify preferences for ornaments and not correlated traits. Furthermore, central to the theory of the evolution of ornamentation via mate choice is the idea that individuals with relatively large ornaments gain a fitness advantage over individuals with smaller ornaments (Darwin 1871; Andersson 1994) . Variation in social dynamics can result in individuals over their lifetime being associated with different competitors that may vary in their ornament expression. Under such circumstances, males may either assess female ornament size relative to those of other females or discriminate between females on their absolute ornament size. Which strategy males adopt is likely to depend on the costs associated with copulations relative to the rate they encounter females with different sized ornaments.
The aim of this study was to experimentally investigate using the model study system of the fowl Gallus gallus: (i) whether males base their mating decisions on female ornamentation, (ii) the influence of rival females' ornamentation on the probability of a female being chosen and the number of sperm she receives, and (iii) the reproductive benefits males gain from discriminating between females and how these change with variation in the ornamentation of available females.
Fowl have a highly flexible mating system that ranges from monogamy to, more commonly, intense promiscuity. Captive and wild populations of fowl live in highly social groups, which frequently change in size and composition from male-female pairs Collias & Saichuae 1967) up to flocks of 12 males and 16 females (Collias & Collias 1996) with, typically, groups of 1-2 males with between two and five females being observed ( Johnson 1963; McBride et al. 1969; Ali & Ripley 1981; Collias & Collias 1996; Nishida et al. 2000) . Therefore, males and females frequently experience situations where more than one copulation partner is simultaneously available. Males form dominance hierarchies and social status facilitates access to females, determining copulation success, and dominant males have higher fitness (Collias & Collias 1996) . Males and females have fleshy head ornaments called combs and males with larger combs are preferred by females (Zuk et al. 1990) . We have previously shown that males also display mate choice: the probability that males choose to copulate and the number of sperm males transfer during insemination is positively associated with female comb size (Pizzari et al. 2003; Cornwallis & Birkhead 2006) . This may be beneficial for males as female comb size is correlated to egg mass (Pizzari et al. 2003) . Females can lay several clutches of eggs in a breeding season and thus cycle through fertile and non-fertile periods (Madge & McGowan 2002) . The complexity of the fowls' social and mating system results in males experiencing different social conditions and being exposed to females of different reproductive value, and it is predicted that males should be behaviourally and physiologically flexible to adjust to such variation in reproductive opportunities. During the study, the population consisted of 35 males and 45 females and the age of males and females ranged from 1 to 4 years. Females were randomly assigned to groups of four and kept in aviaries (6!8 m) separated from pairs of males in adjoining aviaries (6!6 m) by wire netting. The dominance hierarchies of males were assessed through pairwise interactions. Female comb size was measured every two weeks by taking a digital image of the right and left side of the head against a standardized background with a measurement scale (400 mm 2 square), under standardized lighting conditions. Comb size was calculated using ADOBE PHOTOSHOP and the area of the comb in each image was calibrated against the measurement scale (Pizzari et al. 2003 ). An average of the comb size calculated from the right-and left-side images was used as the measure of a female's comb size on that day. Body mass was also measured every two weeks to the nearest 10 g, and body size was measured at the start and end of the breeding season using principal component one (PC1) of a principal components analysis of tarsus, wing and head measurements. PC1 explained 90.7% of the variation. For body mass and comb size, the measurements taken nearest to the time when females were presented to males were used in the analysis.
MATERIAL AND METHODS
(b) Manipulation of the visibility of female ornaments Females (nZ18) were assigned to pairs (nZ9) and the difference in the comb sizes of females was maximized (mean differenceGs.e., 257G12 mm 2 ). Females were not used if they showed signs of incubating eggs (see §2d ). Females were ranked large and small according to their comb size. This experiment was conducted in two parts and took place between 16.00 and 20.30 h local time, the peak time of sexual activity (Parker et al. 1940) . In the first part, each female was fitted with a cotton hood that concealed her comb. Males were kept in pairs, consisting of one dominant and one subordinate individual. Thirty minutes prior to presenting females, a male was chosen at random and removed from the aviary. Thirty minutes after being separated, the male that was left in the aviary was presented with a pair of females, fitted with hoods, first in a standing posture facing the male for 1 min to allow him to examine the females and then in a soliciting position with the tail facing the male. Each female was randomly assigned to one person who gently held the female throughout the trial allowing her posture to be carefully controlled. Females were fully habituated to being held and would readily feed from the hand. Females were placed 1 m apart from each other and were presented to the male when he was one metre away from the females. Males were allowed to mount females, but were prevented from copulating to stop males ejaculating. The first female mounted was considered the males' choice. In the second part, the females' hoods were removed and the procedure was repeated. The male that had been exposed to females was then switched with the other male in the pair and he was exposed to exactly the same treatment as the first male. Each pair of females was presented to between two and four different pairs of males. We analysed differences in the probability of females being chosen by males (0,1) when their combs were visible and when they were concealed using a generalized linear mixed model (GLMM) with a binomial error distribution. Treatment (combs concealed and combs visible) and male social status were entered as fixed factors, difference in the body size and mass (large-combed female-small-combed female) as covariates, and female identity, specified as the subject of repeated measurement, as a random factor. Since the probability that one female chosen is dependent upon the other female, only variation in choice for females with the largest combs was analysed. To determine if males preferred females with the largest combs more often than females with small combs, under the visible and concealed treatments, the back-transformed least-squares (LS) means for each treatment was tested against a hypothetical mean of 50% using a one-sample t-test.
(c) Manipulation of female relative ornament size The relative comb size of focal females (nZ12) was manipulated by matching them with a female that had a larger and a smaller comb. With each female traid an attempt was made to maximize the difference in comb size between the focal female and females with larger and smaller combs (differences in comb sizes (meanGs.e. mm 2 ): focal versus larger-combed femalesZC114G7; focal versus smaller-combed femalesZK78G6). Mate choice and sperm investment were assessed by presenting female pairs to males. Males were isolated from the other male in their pair 30 min prior to the presentation of females. Each of the females was held by one person and presented to males in a standing position for 1 min, enabling males to examine the females, following which the females were switched to a soliciting position and males were allowed to copulate. The first female a male copulated with was considered his choice. After the first copulation, a small wire cage was placed over the preferred female to encourage the male to copulate with the second female. After 48 h, the time taken by males to replenish their sperm stores (Etches 1996) , the trial was repeated. However, the order that males copulated with females was reversed by initially placing the wire cage over the female the male copulated with first during the previous trial. Therefore, a male copulated four times in total, twice with each female 48 h apart, once when it was his first copulation of the day and once when it was his second copulation. The person holding each female was chosen at random for the first presentation. However, once the male had copulated, the person holding that female subsequently held the females during the remaining three copulations of the trial to control for any handling effects. Natural ejaculates were collected from males by fitting females with plastic harnesses that covered their cloacae and ejaculate volume was measured (ml) after each copulation using a Gilson pipette (Pizzari et al. 2003) . Ejaculates were stored in 5% formalin solution for counting, which was done using a standard protocol (Bakst & Cecil 1997; Pizzari et al. 2003) . Focal females were exposed to between four and eight different pairs of males, and with half the pairs of males focal females had smaller combs and in the other half they had larger combs.
We analysed the probability of focal females being chosen (0,1) when they had relatively large and small combs using a GLMM with a binomial error distribution, relative comb rank (large and small), male social status as fixed factors, difference in body mass and size between the focal and the other female as covariates, and focal female identity, specified as the subject, as a random factor. We also analysed the number of sperm focal females received relative to the comb size of the female they were presented with (percentage of sperm allocated to focal female-percentage of sperm allocated to other female) using a GLMM as the residuals of the model were normally distributed (KolmogorovSmirnov, DZ0.07, pO0.05). Relative comb rank, male social status, copulation order and day of trial (day 1Z1, 48 h laterZ2) were entered as fixed factors, the difference in body mass and body size between the focal and the other females were entered as covariates, and focal female identity was specified as a random factor.
(d) Female ornament size as a signal of fecundity The potential reproductive benefits males acquire from basing their reproductive decisions on the ornament size of females were investigated by measuring female body mass, egg mass, mass of yolk in eggs and stage of reproductive cycle (laying to incubation) in relation to female comb size. The body mass, egg mass and yolk mass of focal females were compared with the females in the triad. Eggs were collected throughout the breeding season and wet egg and yolk mass were measured to the nearest 0.01 g. Unfortunately, it was not possible to obtain dry mass as with previous work (Pizzari et al. 2003) . A mean egg and yolk mass was calculated for each female for the breeding season, which was used in all analyses. Maternity of eggs was assigned by feeding each female a different coloured fat soluble lipid dye in a gelatin capsule every 7 days, which stains the yolk of each developing egg (Gilbert 1972; Ward 1996) .
We analysed the differences in body mass, egg mass and yolk mass between focal females and females with relatively large and small combs using GLMM. In the analysis of body mass, differences in body mass, difference in body size between focal and pair females as covariates, and focal female identity, specified as the subject, as a random factor. Differences in egg mass were analysed by entering comb rank as a fixed factor, difference in body mass and body size between focal and pair females as covariates, and focal female identity, specified as the subject, as a random effect. Differences in the mass of yolks produced by focal and pair females were analysed in the same way as egg mass, but difference in egg mass was entered as a covariate.
To assess whether female comb size signals the stage of the reproductive cycle, the comb size of individual females was monitored before, during and after they started incubating eggs. Incubation was induced by replacing eggs laid each day with model wooden eggs. The reproductive cycle of females was classified into four stages. (i) Before incubation: posture normal and no 'clucking' call, a distinct low-pitched call uttered repetitively and is associated with incubating and brooding chicks (Ramsay 1953) . (ii) Start of incubation: females occasionally utter 'clucking' call and frequently visit and rearrange nest material. (iii) Incubating: females sit on eggs and only leave nest in the morning to feed and drink while continually uttering 'clucking' call. (iv) After incubation: same as stage (i). Incubation was terminated by removing eggs from females. The change in female comb size over the different stages of incubation was analysed using a GLMM, with comb size as the response variable, stage of incubation (i-iv) as a fixed factor, body mass and size as covariates, and female identity, specified as the subject, as a random effect.
All analyses were performed in SAS v. 9.1. Restricted maximum-likelihood estimation was used in GLMMs and restricted pseudo-likelihood estimation was used in GLMMs (Wolfinger & O'Connell 1993) . The significance of fixed effects was examined using Wald-type tests (type III for main effects and type I for interactions; Grafen & Hails 2002) The fixed effect with the highest p -value was sequentially dropped until only significant terms ( p!0.05) remained in the model.
RESULTS (a) Manipulation of visibility of female ornaments
Male mating decisions were highly dependent on being able to observe the ornaments of females (table 1 and figure 1). When males were prevented from seeing the Evolution of female sexual ornamentation C. K. Cornwallis & T. R. Birkhead 585 combs of females, the probability of choosing to copulate with the female with the largest comb was not significantly different from that expected by chance (probability of large-combed female receiving initial copulations in covered treatment (back-transformed LS meanG s.e.)Z0.35G0.17. One-sample t-test against hypothetical probability of 0.5, tZ0.89, d.f.Z8, pZ0.40; figure 1) . However, when the combs of females were subsequently exposed, males displayed a significant preference for the female with the largest comb, indicating that the female comb plays an important role in male mating decisions (probability of large-combed female receiving initial copulations in visible treatment (back-transformed LS meanGs.e.)Z0.87G0.09. One-sample t-test against hypothetical probability of 0.5, tZ3.92, d.f.Z8, pZ0.004; figure 1 ).
(b) Manipulation of female relative ornament size The relative size of a female's comb had a marked influence on the probability of her being preferred and the number of sperm she obtained from males of different social status. When females had larger combs than their pair female, the probability of them receiving initial copulations from both dominant and subordinate males was significantly higher than when their combs were smaller than the other female (table 1 and figure 2a ).
In addition, when females had relatively large combs, they received significantly more sperm from dominant males than subordinate males, in comparison with when they had small combs relative to their pair female (table 1 and figure 2b). Therefore, when females had relatively large combs they were more often chosen by dominant and subordinate males and received significantly more sperm, especially from dominant males, than when they had relatively smaller combs than rival females. The number of sperm females received from dominant and subordinate males when they had relatively large and relatively small combs was not different between days of the trial (first day versus 48 h later), indicating that when females had larger combs they did not gain more sperm simply because they were chosen a greater proportion of the time (table 1) . This is consistent with previous evidence, which demonstrated that males allocated more sperm to females with large combs even when mate choice was removed (Cornwallis & Birkhead 2006 ). There were also strong effects of copulation order on the number of sperm males ejaculated and this was, to some extent, dependent upon male social status (table 1) . Both dominant and subordinate males produced more sperm during initial copulations in comparison with second copulations, but this relationship was more pronounced in subordinate males as they allocated Table 1 . The female comb as a target of male mate choice: statistical analysis of the effects of (a) visibility of the female comb on male mate choice for females with large combs, and female relative comb size on (b) male mate choice and (c) (c) Female ornament size as a signal of fecundity The body mass of focal females, after accounting for differences in body size, was significantly greater than that of females with smaller combs, but was less than females with larger combs (table 2 and figure 3a) . Furthermore, after controlling for differences in body mass and size, focal females produced eggs that were significantly heavier than those laid by females with smaller combs, but lighter than the eggs produced by females with larger combs (table 2 and figure 3b). However, once differences in body mass and egg mass were taken into account, the amount of yolk in the eggs of focal females did not significantly differ from that of females with relatively large and small combs (table 2) . Female comb size was also related to stage of incubation (table 2) . When females began to incubate their comb size decreased and became significantly smaller than before incubation started (table 2 and figure 4). Once incubation was terminated the comb size of females started to increase (table 2 and figure 4).
DISCUSSION
Our results show that the comb of the female fowl is a target of male mate choice. The success of females in attracting and obtaining sperm from males was, however, highly dependent upon the comb size of competing females. Preferentially, investing in females that have the largest combs at any point in time appears adaptive for males as these females were in the better condition and laid heavier eggs. Furthermore, females with larger combs were more likely to be sexually receptive as female comb size decreased during incubation.
Central to the theory of the evolution of ornamentation is the assertion that individuals gain a fitness advantage by having larger ornaments than competitors (Amundsen 2000a) . Despite this, there have been few studies that have examined experimentally how the reproductive benefits that individuals acquire change when the expression of their ornamentation varies in relation to competitors. Evidence from this study suggests that females possessing larger ornaments than competitors may be able to gain copulations prior to other females and to obtain more sperm, especially from dominant males, which is likely to hold certain reproductive benefits for females. Obtaining more sperm and obtaining sperm before other females may provide direct benefits for females by ensuring fertility (Sheldon 1994) and reducing costs associated with seeking copulations with males. Sexually active male fowl frequently copulate and it is likely that they always Figure 1 . The probability of females with large and small combs being chosen by males when their combs were covered and when they were visible. When the combs of females were covered, males showed no preference for either large-or small-combed females. When the hoods were removed, males were significantly more likely to copulate with the female with the largest comb. Treatment (covered or visible), F 1,29 Z 10.97, pZ0.003. Probability of large-combed female receiving initial copulations (back-transformed LS meanGs.e. tested versus 0. F 1,93 Z15.08, pZ0.0002) . Furthermore, the number of sperm focal females received was also dependent on the social status of the copulating male; when females had relatively small combs they received significantly less sperm from dominant males (comb rank!male social status, F 1,93 Z4.92, pZ0.03).
Evolution of female sexual ornamentation C. K. Cornwallis & T. R. Birkhead 587 experience some degree of sperm depletion, i.e. they never have the same numbers of sperm as fully rested males and hence probably never have surplus sperm (Pizzari et al. 2003) . Therefore, if females fail to gain initial copulations with males, they run a greater risk of infertility. In addition, by acquiring more sperm from dominant males, females may gain indirect benefits. Social dominance in the fowl is heritable (Craig et al. 1965) and dominant individuals have higher lifetime reproductive success than subordinate individuals (Collias & Collias 1996) . The discrepancy between the amount of sperm that dominant and subordinate males allocated to females may be explained by the effect of copulation order on male sperm investment (Cornwallis & Birkhead 2006) . We have previously shown that subordinate males primarily allocate sperm to initial copulations, whereas dominant males are less influenced by copulation order and invest sperm according to the reproductive value of females (Cornwallis & Birkhead 2006) . Therefore, over a series of copulations, dominant males allocate more sperm than subordinate males to females with large combs. Consistent with this idea, there was a significant interaction between social status and copulation order in this study (table 1) .
Female comb size was an indicator of body condition and egg quality relative to other available females, which is in accordance with previous research (Pizzari et al. 2003) . It may therefore be advantageous for males to use female comb size as a criterion in mating decisions. By copulating with females that are in better condition, males may reduce exposure to diseases (Sheldon 1993; Potti & Merino 1996) and invest in females that are more likely to overcome the energetic processes of egg laying, incubation and chick rearing, which in the fowl is solely done by the female (Linville et al. 1998) . Males may also gain superior offspring by reproducing with females with large combs as they produce heavier eggs and, in a number of species, egg mass correlates with survival and fledging weight (Parsons 1970; Moss et al. 1981; Bolton 1991) . Furthermore, by assessing females by their comb size, males may avoid females that are not fertile as comb size regresses as females start to incubate.
The reduction in comb size during incubation is most likely due to a reduction in food intake, which leads to a decrease in body condition, combined with changes in hormone levels (Etches 1996) . As egg laying progresses, levels of prolactin rise until they cause a decline in luteinizing hormone, which results in ovarian collapse (Burke et al. 1981) . Ovarian follicles are one of the main sources of steroid hormones including androgens and the expression of the comb is androgen dependent ( Johnson 2000) . Therefore, the decline in ovarian activity and steroid production is likely to lead to the regression of the comb. A reduction in comb size during incubation may allow females to (i) conserve energy resources (Etches 1996) , (ii) reduce the chances of predation as the comb is highly visible and females nest on the ground, and (iii) decrease levels of male harassment which can be intense in the fowl (Pizzari & Birkhead 2000) .
Fowl have a highly flexible social structure and the composition of groups often changes (McBride et al. 1969) . Males frequently have the opportunity to mate with multiple females in both captive and wild populations Ali & Ripley 1981; Pizzari et al. 2002) . Male investment in individual females was highly dependent on the other females present. This may be due to the way female quality is assessed, with males being able to distinguish between females only when they can visually compare one against the other. Alternatively, it may pay males to invest in the best reproductive opportunity currently available, even when males may encounter females of higher quality in the future, because the probability of gaining copulations with such females is uncertain (Reinhold et al. 2002) . Males also continually replenish their sperm reserves, possibly enabling them to invest sperm in these opportunities if and when they arise. Male choice for females with the largest combs suggests that there is directional sexual selection for increased female comb size. However, the strength of sexual selection appears to be dependent upon the relative frequency of females with different ornament sizes. Although this species is highly social, providing males with the opportunity to simultaneously assess and discriminate between females with different ornament sizes, single females are observed with males . Under such circumstances, it would appear that females with small ornaments may acquire similar amounts of sperm from males as females with large ornaments, and this may provide an explanation for how variation is maintained in a trait that is under directional selection (Andersson 1994) . These results were gained under experimental conditions and it will now be important to quantify changes in social dynamics and assess how this generates variation in the relative ornament sizes of females that males are exposed to under natural conditions. 
